INTRODUCTION
Energy drinks (ED) are defined as a beverages containing significant amounts of glucose, caffeine and taurinethe manufacturers, however, also provide ED with herbs, vitamins and amino acids [1] . Due to the combination of these ingredients, ED are marketed as improving concentration and stamina, as well as reducing fatigue and increasing exercise tolerance. Therefore, they are often consumed by athletes, professional drivers and students [1] [2] [3] . Unfortunately, ED are frequently being drunk by children and adolescents [4] . Studies that have been carried out so far have focused on the clinical effects of the consumption of ED. The results indicate that ED consumption elevates blood pressure and heart rate, as well as increasing the heart load.
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Miroslaw Aleksander Slawinski, Ewelina Wawryk-Gawda*, Michal Konrad Zarobkiewicz, Pawel Halczuk, Barbara Jodlowska-Jedrych 1 Chair and Department of Histology and Embryology with Experimental Cytology Unit Medical University of Lublin, Radziwiłłowska 11, Poland Moreover, ED consumption has been linked with increased risk of traumatic brain injuries among adolescents [5] [6] [7] . The trend of combining ED with alcohol has created new perspectives for research and adoption of new clinical hypotheses [8] . The analysis of emergency department cases involving ED consumption revealed increased risk for complications among patients with pre-existing cardiovascular disease [9] , and the possibility of ED being the cause of sudden death [10, 11] . In our study, we analysed the histological changes in the cardiomyocytes and tried to link them with clinically observed symptoms. Apoptosis is a programmed cell death, triggered to either physiologically end cell life or when some irreparable defects in DNA occurred. Caspases are enzymes belonging to the group of cysteine proteases which play an important role in that process. Initiator caspases are activated either by Energy drinks (ED) are beverages containing caffeine, taurine, vitamins, herbal extracts, and sugar or sweeteners. They are marketed as capable of improving stamina, athletic performance and concentration, moreover, as serving as a source of energy. Still, there are very few papers describing the impact of ED on cell biology -including cell apoptosis within tissues. Therefore, in our study, we assessed the symptoms of rat cardiomyocytes apoptosis after 8 weeks consumption of ED. For the research, we used male Wistar rats divided into 2 groups (experimental and control). The experimental animals received ED at a dose average of 0.190 ml per g of body weight per day for a period of 8 weeks. The animals of the control group received just water and food without limitation. After 8 weeks, the rats were decapitated; hearts and other organs were collected. After embedding in paraffin blocks, 5μm thick tissue slides were prepared and stained according to standard hematoxylin and eosine (H&E) staining protocol. Additional slides were stained by immunohistochemistry with antibodies directed against either caspaze-3 or p53 protein.
Our results showed that the expression of caspase 3 and p53 protein varied depending on the group of rats. The expression of caspase 3 observed in cardiomyocytes was much more intense in the experimental group compared to the control group. Furthermore, the immunoprecipitation of p53 protein was observed more frequently in the cardiomyocytes nuclei of the experimental group than in the control group. Obtained results suggest that chronic use of ED induces intracellular disorders and apoptosis in consumer cardiomyocytes.
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Current Issues in Pharmacy and Medical Sciences the intracellular or extracellular pathway. Effector caspases are responsible for the execution of apoptosis; caspase 3 belongs to this group. Caspase activity rise during apoptosis, and at certain point, they are blocked by endogenous caspase inhibitors [12] . Caspases bring about protein hydrolysis and resulting apoptosis-related programmed cell disintegration [13, 14] . The increase of tissue caspase 3 concentration, therefore, is a sign of increase in apoptotic activity. The p53 protein is one of the major regulators of intracellular processes, including apoptosis. Its main function is triggering the repair process in situations of damage due to stressors acting on the cell. If the damages are irreparable, the p53 induces apoptotic cell death [15] . The half-life of the active form of this protein is short. Once the DNA damage is repaired, the p53 becomes deactivated. Therefore, the presence of active p53 within the nucleus should be considered as a sign of an ongoing pathological process which will result in either complete damage repair, or of programmed cell death [16, 17] .
Thus, in our study, apart from standard H&E, immunohistochemical stainings targeting p53 and caspase 3 were performed. Those stainings enabled an analysis of intracellular repair and apoptosis intensity within the cardiomyocytes of ED-consuming Wistar rats.
MATERIALS AND METHODS

Experiment
The experiment involved 10 Wistar rats (the mean weight: 155.4 g) and lasted 8 weeks. During this period, all the observations were written in the study's diary. Before the experimental phase began, the animals were given a week to accommodate to the new surroundings. The rats were divided into two groups: the control and the experimental. The control group received just water for the following 8 weeks, while the rats of the experimental group received only energy drinks ad libitum (they had no access to water). Both water and ED were administered in special plastic drinkers hung on the cages. The drinkers were scaled so amount of consumed fluid could be measured. Herein, the obtained result was divided by the number of rats in the cage. The mean daily consumption was further reassured by repeated 24h-long stays in metabolic cages. The animals of the experimental group drank approximately 0.190 ml ED/g of body weight/day. ED used in the study contained 32 mg per 100 ml caffeine, also water, sugar, citric acid, sodium citrate, taurine (0.4%), inositol (0.02%), niacin (7.92 mg per 100 ml), pantothenic acid (1.98 mg per 100 ml), B6 vitamin (2 mg per 100 ml), sodium benzoate and potassium sorbate. The mean calorific energy value of 100 ml was 185.5 kJ (43.7 kcal). Mean daily caffeine consumption was 20.77 mg per rat. Both groups had an equal, unlimited access to food. After 8 weeks, the animals of both groups were decapitated and their hearts were collected for histological analysis. The study protocol was accepted by the Local Ethical Committee of the Medical University of Lublin (6a/2013).
Histological procedures
The collected material was fixed in 10% buffered formalin. Prepared organs were then embedded in paraffin blocks. Material was cut into 5 μm thick slices and stained with haematoxylin and eosin (H&E). Slices were analyzed using an Olympus BX41 light microscope with a digital camera and CellSens software.
Immunohistochemical stainings
Immunohistochemical stainings were done using antibodies against caspase 3 (WHO000836M2; Sigma-Aldrich, 1:40 dilution) and p53 (P5813-.2ML; Sigma-Aldrich, 1:200 dilution). Antigens were exposed by 3 cycles, each lasting 5 minutes, of heating in a microwave oven (800 W) while the slices were buffered with citrate buffer (pH = 6). Endogenous peroxidase activity was inhibited by 0.3% methanolic solution of perhydrol (H 2 O 2 ). Normal serum was used for blockage of non-specific binding sites. Incubation with the primary antibody was done at a dilution indicated by the manufacturer at 4°C overnight. Subsequently, Post Primary Block and Polymer were used, and for visualization of the reaction, diaminobenzidine and hematoxylin. Negative control was performed in the same manner without the use of primary antibody. The analysis of the material was performed under light microscope (20× and 40×). Cells with positive expression were determined as a percentage of total by counting 100 cells in 10 randomly chosen microscope fields under magnification. The intensity of caspase 3 and p53 protein expression was examined by way of CellSens software. Statistical analysis was performed with STA-TISTICA 12 software. U Mann-Whitney test was used for calculation of the statistical significance with the level of significance set at p < 0.05.
RESULTS
H&E staining
Increased cardiomyocytes vacuolization was observed in the experimental (Fig. 1) . In this group, the thickness of ventricle walls was 3.8 ± 0.35 mm, and in the control group, 3.62 ± 0.25 mm. The difference was statistically insignificant (p = 0.6, U Mann-Whitney Test). Moreover, the individual cardiomyocytes were slightly thicker in the experimental group (15.37 ± 4.10 µm) than in the control group (13.83 ± 4.71 µm), but the difference was also statistically insignificant (p = 0.104692, U Mann-Whitney Test). 
Caspase 3
The analysis of the caspase 3 expression in the material revealed a higher frequency of caspase-positive cells in the experimental group (50.75 ± 13.17%) than in the control group (15.42 ± 4.94%). The difference was statistically significant (p = 0.000003, U Mann-Whitney Test). In addition, the caspase 3 reaction revealed greater staining intensity in the cardiomyocytes of the experimental group, in comparison to the control group (Fig. 2) . 
p53 protein
The intensity of p53 expression was comparable in both the control and the experimental groups (Fig. 3) . However, a difference in the location of immunoprecipitates was observed: in the control group, these were mainly located in cytoplasm (85.68 ± 9.40%) and to a lesser extent, in the nuclei (40.63% ± 12.80%); In the experimental group, however, immunoprecipitates were located more frequently in the nuclei (78.95% ± 13.20%) than in the cytoplasm (41.5% ± 11.09%). The differences in the localization of immunoprecypitates between the groups were statistically significant (p = 0.012186 (nuclei location) and p = 0.030384 (cytoplasm location) in the U Mann-Whitney Test ) (Fig. 4) . Percentage of positive reaction for p53 in the nuclei and cytoplasm of cardiomyocytesiof botn the experimental and control groups. Immunoprecipitations in the nuclei were observed more frequently in the experimental group than in the control group. The differences in the localization of immunoprecypitates between the groups were statistically significant (p = 0.012186 (nuclei location) and p = 0.030384 (cytoplasm location) in the U Mann-Whitney Test) Figure 4 . Microscopic view -immunohistochemical staining of rat heart fragments by way th the use of an antibody against prt, C -the control grop, -in the control group, we noted that the immunoprecypitates wer localized more frequently in the cytoplasm, rarely in the nuclei, E -the experimental grop, -herein, immunoprecypitates were localized more frequently in the nuclei (visible in the examination circles), rarely in the cytoplasm
DISCUSSION
Energy drinks purportedly improve concentration, lower fatigue and increase physical performance. They contain caffeine, taurine, sugar, vitamins, amino acids and herbal extracts [1] . Caffeine concentration varies between 32 and 100 mg per 100 ml.
There are no legal restrictions in buying and selling energy drinks, therefore, they are freely available in almost every shop and gas station. Extensive advertising, the colourful packaging and noted short-term improvement after ED consumption has result in the high popularity of EDs. They are most popular among sportsmen, sports-wannabes, drivers and young people (including children) [3, 18] .
Available literature points to risks related to youth ED consumption, especially when they are consumed together with alcohol [19] . ED consumption is linked to increased risk of various circulatory diseases such as arrhythmia, myocardial infarction, QT prolongation, aortic dissection and death due to cardiovascular reasons [20] .
In this article, we focused on changes within cardiac muscle tissue and cardiomyocytes. Such changes could potentially be linked to the prior-mentioned clinical symptoms observed in ED consumers. According to available literature, not much has been published on tissue changes after ED consumption, more data is available on the relation between caffeine consumption and cardiovascular health. Caffeine may have positive and negative impacts upon the heart -it can both lower risks of cardiovascular diseases [21] , but also due to increase in heart rate, it may lead to cardiac muscle ischaemia [22] .
Taurine, another ED component, also affects the heart. As shown by previous studies, taurine acts condescendingly on the myocardium, mainly protecting against apoptosis [23] [24] [25] . Schaffer et al. indicate that taurine can reduce the impact of caffeine on the cardiovascular system [26] . The combination of these two substances, however, increase the strength of myocardial contractility after Ed ingestion [27] . Giles et al. examined the impact of these two substances on concentration and memory and revealed that they can act in different ways on the tissues and cells of various organs [28] .
No definite conclusion can be made whether observed changes are caused by single ED ingredients or by synergistic action of more than one. Hence, it is far more possible Current Issues in Pharmacy and Medical Sciences that the real cause of the observed anomalies lies in the whole composition of ED.
In physiological conditions, apoptosis occurs in the heart at a low level and is related to normal tissue regeneration. An increased apoptotic rate can be, however, observed in various pathological states like ischaemia, hypoxia, increase Ca 2+ levels and oxidative stress. Kunapuli S. et al. note that apoptosis can be increased in cardiac insufficiency [29] .
In our analysis, we focused on the issue of apoptosis via rat cardiomyocytes as initiated by the consumption of ED. In doing so, we observed a significant increase in expression of caspase 3 in the cardiomyocytes of rats of the experimental group. As p53 was more frequently located in the nuclei, a pathological intracellular process may be suspected. The noted increased expression of caspase 3 in cardiomyocytes indicate that changes in the heart lead to cardiomyocytes apoptosis [16, 17] . The intensified apoptosis caused by ED consumption, can lead to irreversible changes in the heart tissue, and to long-time consequences that are clinically observable. Finally, the seen decrease in cardiomyocytes number may lead to disturbances in the heart work and to homoeostasis of the body.
CONCLUSIONS
Energy drinks consumption leads to histopathological changes within the cardiomyocytes. Furthermore, the ED ingredients bring about increased cardiomyocytes apoptosis. This last could be the cause of cardiovascular disorders in the ED consumers
